Purpose: This study aimed to determine the clinical and pathological factors associated with a higher rate of positive or close margins after breast-conserving surgery (BCS) by comparing these patients to patients with a negative margin. The second aim was to evaluate intraoperative resection margin status and reoperation rates for margin control in patients who underwent BCS. Methods: We reviewed the clinical and pathological data of all women diagnosed with invasive breast carcinoma (IBC) and ductal carcinoma in situ (DCIS) at our institution between January 2006 and December 2016. Results: During the 10-year study period, 785 patients were diagnosed with either IBC or DCIS, and 402 of these patients had undergone a total mastectomy as the primary treatment. The remaining 383 patients who underwent BCS were included in the final analysis. Of these, 100 patients (26.1%) had intraoperative positive or close margins. The remaining 283 patients (73.9%) had a negative margin intraoperatively, but 32 of these patients had positive or close margins on permanent sections. In the multivariate analyses, microcalcifications on mammograms (vs. none; odds ratio [OR], 1.911; 95% confidence interval [CI], 1.156-3.160), in situ carcinomas larger than 2.0 cm (vs. ≤ 2.0 cm; OR, 3.106; 95% CI, 1.193-8.086), and lumpectomy (vs. quadrantectomy; OR, 2.863; 95% CI, 1.268-6.622) showed a significant association with a positive or close surgical margins. Patients with intraoperative positive or close margins underwent more reoperation than those with negative margins (5.0% vs. 2.8%). Conclusion: After BCS, microcalcifications on mammograms, largesized in situ carcinomas, and lumpectomy were more likely to have positive or close margins.
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"no ink on the tumor" [10, 11] . Cases with positive margins should undergo further surgery, such as re-excision or mastectomy. In select cases of microscopically focally positive margins in the absence of an EIC, the use of a higher radiation boost dose to the tumor bed could be considered. The definition of negative margins for ductal carcinoma in situ (DCIS) is somewhat different. The NCCN recommends that margins less than 1 mm are inadequate, and the American Society of Clinical Oncology guideline recommends a 2-mm margin as the standard for DCIS [12] .
The key aim of this study was to determine the clinical and pathological factors associated with a higher rate of positive or close margins after BCS by comparing with a group of patients in whom a negative margin was achieved. The second aim was to evaluate the intraoperative resection margin status and the ratio of reoperation for margin control in patients who underwent BCS at our institution.
METHODS

Patient selection
This retrospective cohort study was conducted at the Department 
Surgery
Two types of BCS were performed: (1) lumpectomy and (2) wide excision. The wide excision group consisted of either quadrantectomy or lumpectomy, with the superficial or deep margins of the excision extending up to the skin and pectoralis fascia, respectively (in this type of extended surgery, no re-excision was required if close or involved margins were superficial or deep). All nonpalpable lesions were wire-guided using ultrasound or mammography, and specimen radiography was performed to confirm the removal of microcalcifications. Specimens were marked with orienting sutures and sent to the pathology department for intraoperative evaluation of margin status.
Pathologic and clinical evaluation
Margin status was classified as positive when invasive or in situ disease were observed at the inked surgical margin, focally positive when the tumor focus was at the inked margin, close when tumor cells were ≤ 2 mm from the inked margin, and negative when tumor cells were >2 mm from the inked margin [11] . When tumor cells were positive or close to the margin, the tumor was designated for re-excision. When the result was positive or close to the margin after three consecutive margin excisions, BCS was converted to mastectomy. Permanent sections were analyzed using paraffin-embedded blocks.
Patients were characterized based on their clinical characteristics: age at diagnosis; diagnostic method (i.e., core needle biopsy, excisional biopsy, stereotactic biopsy); palpability of the lesion; methods used for tumor localization (i.e., ultrasound, mammography, skin marking); presence of malignancy-related calcification; extensive microcalcifications; multifocality of the lesion; type of surgery (i.e., quadrantectomy, lumpectomy); locoregional recurrence; and distant metastasis and Values are number of individuals, n (%) or mean ± SD. OR = odds ratio; CI = confidence interval; IBC = invasive breast carcinoma; DCIS = ductal carcinoma in situ; LN = lymph node; N/A = not applicable; EIC = extensive intraductal component; LVI = lymphovascular invasion; ER = estrogen receptor; PR = progesterone receptor; HER2 = human epidermal growth factor receptor 2; AJCC = American Joint Committee on Cancer.
Statistical analysis
positive or close surgical margin ( 
Intraoperative margin assessment and decisions regarding re-excision
The results of the intraoperative margin assessment, re-excision rate analysis, and final margin assessment are shown in Figure 1 Final margin assessment and decisions regarding re-excision Thirty-two patients (8.3%) had negative margins on intraoperative assessment but positive margins on permanent pathologic evaluation.
Among this population, eight patients underwent a secondary operation (total mastectomy, 5; margin re-excision, 3). The remaining 24 patients did not undergo a secondary operation because the direction of the positive or close margins was superficial or deep so that there was no remaining breast tissue. These patients were treated with boost radiation therapy, and no recurrences were reported during the 10-year follow-up period.
Predictors of Positive or Close Surgical Margins
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DISCUSSION
After BCS, the LRR rate ranges from 5% to 20% after 5-10 years [4] .
Many risk factors of LRR are known, such as the age at diagnosis, tumor size, lymph node metastasis, EIC, adjuvant systemic therapy, the amount and initiation date of radiation therapy, and the free margin status during operation. The status of the surgical margins is the most important factor, as it directly affects the risk of recurrence [5, 6] . Since the National Surgical Adjuvant Breast and Bowel Project first introduced the importance of margin status in 1989, the rate of local recurrence has decreased, and the overall survival rate for BCS has become comparable to that of mastectomy [15] . However, there is currently no [17] . Tumor size, nodal positivity, multifocality, EIC, lobular histology, and young age were often regarded as significant factors [16] .
In our study, we found that the likelihood of a positive or close margin was increased for large-sized (>2.0 cm) in situ carcinomas. In situ components accompanied by IBC and microcalcifications on mammograms also correlated with positive or close margin status in univariate analysis (Table 2 ). Based on these results, it is essential to detect the presence of in situ components at the surgical margin during intraoperative frozen biopsies. Intraoperative specimen mammography is also essential for confirming the retrieval of microcalcifications and thereby reducing the chance of positive margins. However, the margin of DCIS is not well defined, and the extension into breast tissue is often difficult to determine, which results in a high rate of reoperation [18] . The rate of reoperation owing to positive margins was twice as high when tumors had an in situ component [19] . The presence of microcalcifications is another factor that makes it difficult to interpret margin status. Therefore, patients with microcalcifications on preoperative mammograms should be identified for margin positivity and secondary operation.
Wire-guided localization using either mammography or ultrasound is the standard technique for locating tumors before surgery for nonpalpable breast cancers. However, it is more difficult to achieve negative margins in nonpalpable lesions due to technical factors and the diversity in its radiographic appearance [20] . The wire can be displaced, leading to an inaccurate localization, or it can be transected during surgery [21] . For these reasons, we also found a likelihood of positive or close margins with ORs of 4.599 and 4.003 for wire-guided localization using mammography and ultrasound, respectively. A recent study reported intraoperative wire-guided localization using ultrasound in BCS to decrease positive margin status and improve assessment of margin status [22] . Further studies are needed to assess the validity of wire-guided localization in terms of positive or close margins.
There are two types of BCS. It is assumed that wide excision may be superior in terms of local radicality, and lumpectomy may be better in terms of cosmetic outcome [23] . Currently, there are few studies comparing quadrantectomy and lumpectomy regarding disease control outcomes, such as LRR or distant metastasis. However, some have reported no significant difference in ipsilateral breast tumor recurrence between quadrantectomy and lumpectomy if adequate surgical margins could be achieved [23] . Quadrantectomy removes the entire quadrant of the breast containing the primary tumor with overlying skin and the fascia of the major pectoralis muscle and was first described by Veronesi et al. [24] . Lumpectomy completely excises the lesion with at least 1 cm of tissue around the clinical margin of the tumor [25] . We found that lumpectomy, compared to wide excision, increased the likelihood of positive or close margins. Consistent with our result, Ramanah et al. [26] also showed that quadrantectomy decreased the rate of re-excision. However, others found that when close or involved margins were superficial and deep, re-excision showed no residual tumor [27] . Therefore, further discussions are necessary to determine the ap- performed in a relatively short period intraoperatively, yielding an accuracy of 97% with sensitivity and specificity rates between 95% and 99% [28] . However, the relatively high false negative rate of FSA or the number of two-stage procedures, due to discrepancies between FSA and the final pathological report, reportedly ranges from 0% to 19% [29] . New methods for intraoperative margin assessment, such as hand-held positron emission tomography probes or the radio-guided occult lesion localization method, have been introduced to overcome this limitation [30] .
In conclusion, we have confirmed that wire-guided localization using mammography and ultrasound, the presence of microcalcifications on mammograms, large-sized in situ carcinomas, the presence of an in-situ component accompanied by IBC, and lumpectomy increased the likelihood of positive or close margins after BCS. Patients with these factors should be considered for and advised about the need for further surgery. A multidisciplinary team approach should also be applied to decrease the chance of positive or close margins and achieve effective local control.
